Introduction: The current Learning Health Systems literature affords insufficient attention to
of learning. Project ECHO answers the call by a growing chorus of visionaries to improve learning in health care.
The development of Learning Health Systems (LHSs) is advocated
by the Institute of Medicine as a way to "produce high-quality healthcare that continuously learns to be better" and reduce the cost of excellent care. 2(pix) A Learning Health System is defined as one "in which progress in science, informatics, and care culture align to generate new knowledge as an ongoing, natural by-product of the care experience, and seamlessly refine and deliver best practices for continuous improvement in health and healthcare." 3 To this, Etheredge adds an emphasis on speed and timeliness of learning around treatment planning for patients. 4 Information technology infrastructure needed to capture, analyze, and disseminate data, and information is the focus of the current LHS literature. Leading scholars highlight the importance of learning from data and new knowledge, and accelerating knowledge generation.
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Krumholz observes that "important lessons on how to leverage massive amounts of data, and for learning from such data" will emerge from efficacious LHSs. 9(p47) Despite acknowledging the importance of learning, there is insufficient attention in the LHS literature to the process of learning and how learning can be cultivated. For purposes of this article, we use the definition of learning in The American Heritage Dictionary -"the act, process, or experience of gaining knowledge or skill"
. 10(p.1025) Missing from the Institute of Medicine's list of LHS characteristics -culture, design and processes, patients and public, decisions, care, outcomes and costs, knowledge, digital technology, and health information-are any that deal directly with the process of learning. 7 Similarly, the 9 components of a learning health system articulated by Psek do not explicitly address learning processes. 11 Etheredge identifies 4 essential opportunities for a Learning Health System agenda: clinical research and development, comparative effectiveness research, health information technology, and improving patient care. 4 While these opportunities guide development of new information infrastructure and tools to advance clinical care, they do not address how health care professionals learn to apply the information generated through research and technology to achieve better care.
Friedman and colleagues describe the benefits of sharing data, speeding the creation and validation of new biomedical knowledge, and translating knowledge into practice. 5 The implicit assumption in this body of work is that feeding "the knowledge of 'what works best' back to clinicians, public health professionals, patients, and other stakeholders" 5(p44) will result in learning and change. Reference in this article to sociotechnical challenges and cyber-physical-social system suggests that learning and change are complex social processes that can be informed by information systems. Group Health Cooperative (GHC) has developed an approach that deals with the technical and social challenges of learning, articulated in 6 phases of learning: (1) scanning and surveillance, (2) design, (3) implementation, (4) evaluation, (5) adjustment, and (6) dissemination. 6 This overview can lead one to the conclusion that fulfillment of the LHS vision would benefit from greater attention to the social, and complex, processes of learning in health care organizations.
| LHS EXPLORATIONS AT BILLINGS CLINIC
Interest in Learning Health Systems at Billings Clinic, an integrated health care delivery system in Montana, emerged as a multidisciplinary group of clinicians and leaders studied complexity science and the implications it held for health care improvement. 12 They learned that complexity science scholars view learning as a self-organizing process shaped by the interactions within a system, dependent on the diversity of perspectives, the network of individuals involved, and the characteristics of relationships and the flow of information within the network. [13] [14] [15] [16] [17] As the term suggests, self-organization means that in systems with many elements outcomes cannot be controlled or engineered since they are determined by the multiple actions and interactions among the agents comprising the system. 
| Draw on wisdom of groups and value connections
Weick, in his scholarship on sensemaking, contends that groups composed of individuals with diverse perspectives can, through interaction, build an understanding of a complex issue that is more complete and capable of informing wise action than any individual in the group. 18 He writes, "Out of interconnections, there emerges a representation of the world that none of those involved individually possessed or could possess." 18(p53) The design phase at GHC also stresses the benefit of engaging key stakeholders who work together in groups to tackle complex challenges.
In the Billings Clinic staff interviews, participants were asked to identify quality improvement efforts that made them most proud.
Respondents highlighted experiences with teams composed of professionals from multiple disciplines that made a difference in how they understood and addressed patient safety issues, such as infection pre- 24 Uncovering diverse perspectives and creating action possibilities depend on respectful interactions within groups. 29 Weick observes that in systems characterized by large power differentials, such as health care organizations, efforts to reduce these differentials are beneficial because they increase access to variety and reduce the tendency of those in power to "define reality." These are:
• Animate people to confront issues they care about;
• Provide direction to organize action and learning;
• Encourage updating, meaning ongoing attention to what is happening, and
• Feature respectful interaction.
The scholarship of Ryan and Deci on self-determination theory delves into factors that contribute to social development. 21 They point out "Perhaps no single phenomenon reflects the positive potential of human nature as much as intrinsic motivation, the inherent tendency to seek out novelty and challenges, to extend and exercise one's capacities, to explore, and to learn." 21(p70) They contend that people are endowed with these tendencies, but that they require supportive conditions to be sustained. Several of the conditions that support intrinsic motivation align with Weick's factors for successful change. 
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Weick also observes that emergent change, the small-scale, frontline staff-led process of sensemaking can, over time, lead to significant change that lasts. Because such local change efforts are going on constantly, they can be material sources of learning and improvement.
The value of frontline-led change comes across in the interviews.
Staff attributed improvement in MRSA infection rates, surgical care of patients with sleep apnea, prevention of venous thromboembolism, and emergency department-hospitalist-ICU communication to frontline leadership.
| Concentrate on small wins and characterize challenges as mere problems
Weick asserts that how we describe and label problems impacts our ability to tackle them. 19 Problems labeled "massive" tend to overwhelm the ability of individuals to cope. Fear is aroused because people believe the problem is beyond their abilities. People may also lack sufficient information to fully comprehend the issue. Such factors limit action. "Ironically, people often can't solve problems unless they think they aren't problems. 19(p30) Calling a situation a 'mere problem' allows responses "that are more complex, more recently learned, and more responsive to more stimuli in changing situations" and more likely to produce "lasting change in dynamic problems." 19(p30) These responses, when they produce small wins, offer insights into an issue, foster learning, and attract additional support, new problem-solvers and the ideas they bring. Problems a little beyond "mere" are now in sight.
| INFORMING ACTION AT BILLINGS CLINIC
The learning principles that emerged from this work are beginning to impact how Clinic personnel think about and approach challenges and change. They are informing choices on new clinical programs and improvement processes. Examples of resulting initiatives, described below, arose contemporaneously with LHS explorations and represent new approaches to learning. Decisions to implement these initiatives and the manner in which they were implemented were influenced by the learning principles uncovered by LHS Network members. These projects are highlighted because they illustrate the principles in action and represent movement towards a more robust learning culture at Billings Clinic. We suggest that development of such a culture prepares an organization to realize the vision of Learning Health Systems: to harness science, clinical research and data, and information generated by digital technology to inform and accelerate improvement in quality health care.
| Relational coordination
Relational coordination (RC) in the ICU became a method for fostering learning. Relational coordination is a theory that explores attributes that enable teams to accomplish complex tasks. 25 It proposes that learning and performance are enhanced in teams where members share goals, and knowledge, interact respectfully, and communicate frequently, accurately and in a timely and problem-solving manner.
Several years ago when members of the LHS Network read the about RC, the conversation turned quickly to where to gain experience with this novel theory of collaboration. The intensive care unit (ICU) was suggested because it was moving to a much larger facility and staff was afraid the size of the unit would diminish face-to-face communication and undercut working relationships. The ICU was targeted because staff members placed a high value on collaboration and were constantly searching for new ways to enhance working relationships.
They recognized that rapid adjustments (learning) to changing patient conditions were key to effective care.
Learning Health System Network members appreciated the similarity between RC dimensions and the learning principles. Relational
Coordination advocates frequent, timely, accurate, and respectful communication within teams, which when enacted enable diverse perspectives to be accessed. Learning Health System principles call for reliance on regular updates, sensemaking, diversity, and respectful interactions in groups.
Staff members in the ICU have recognized the benefits of the RC initiative. In interviews, they stated that colleagues from different disciplines are more comfortable with raising concerns, suggestions, and solving problems together; staff involved in care have a better understanding of the complexities of care and the contributions others can make; and that care is better because teamwork has improved and staff are more engaged in ongoing improvement efforts.
As part of the ICU RC initiative, a survey revealed the rehabilita- 
| Safe and Reliable Healthcare
Another outside influence that has helped Billings Clinic make sense of the essential dimensions of learning is a project with Safe and Reliable
Healthcare, a consultancy with extensive experience in safety culture. 26 The project featured the creation of frontline teams that identified aims for improvement in both clinical and cultural areas, and worked together to develop solutions that were implemented through One can also see how these ingredients embody the 6 principles the Billings team identified to create a learning culture.
| CONCLUSION
The current LHS literature, while exploring many dimensions of Learning Health Systems, devotes insufficient attention to the actual process of learning. Without such attention in the literature and to the practices within health care organizations, it seems unlikely the full potential of Learning Health Systems will be realized.
One organization, Billings Clinic, in an attempt to move towards the LHS vision, has identified a set of principles from the social science literature, insights on improvement uncovered in staff interviews and from experience to foster learning and the creation of a learning culture.
• Draw on wisdom of groups and value connections
• Embrace sensemaking over decision making in dealing with the unexpected
• Bring diverse perspectives to complex challenges
• Animate people, provide direction, update regularly, and interact respectfully
• Appreciate the power and ubiquity of emergent change and the limitations of planned change
• Concentrate on small wins and characterize challenges as mere problems.
Health care systems can become Learning Health Systems by integrating progress in science, advances in research, and data and information generated by digital technology into a robust learning culture.
Such a culture can be supported by the types of novel programs and change models-RC, Safe and Reliable Healthcare, Project ECHOadopted at Billings Clinic. Fulfilling the promise of LHS, dramatic improvement in health system performance now becomes imaginable.
